Background: Fatigue is a common symptom in post-polio syndrome (PPS) and can have a substantial impact on patients. There is a need for validated questionnaires to assess fatigue in PPS for use in clinical practice and research. The aim with this study was to assess the validity and reliability of the Swedish version of Multidimensional Fatigue Inventory (MFI-20) in patients with PPS using the Rasch model. Methods: A total of 231 patients diagnosed with PPS completed the Swedish MFI-20 questionnaire at post-polio out-patient clinics in Sweden. The mean age of participants was 62 years and 61% were females. Data were tested against assumptions of the Rasch measurement model (i.e. unidimensionality of the scale, good item fit, independency of items and absence of differential item functioning). Reliability was tested with the person separation index (PSI). A transformation of the ordinal total scale scores into an interval scale for use in parametric analysis was performed. Dummy cases with minimum and maximum scoring were used for the transformation table to achieve interval scores between 20 and 100, which are comprehensive limits for the MFI-20 scale.
Background
After recovery from acute poliomyelitis, many persons experience symptoms again after a stable period of 15 years or longer. This condition is known as post-polio syndrome (PPS). PPS symptoms are progressive and include muscle weakness, atrophy, cold intolerance, pain and extensive fatigue. Incidence rates of between 15 and 80% have been reported [1] . The causes of PPS symptoms are still not completely understood. Fatigue is commonly reported in PPS and many patients report that fatigue is the most disabling symptom impacting on their health-related quality of life [2] [3] [4] [5] . Earlier research has described fatigue in PPS as a multidimensional construct comprising mental, emotional and physical aspects [6] , where physical fatigue is most common [2] . Both general and muscular fatigue is common in PPS and can be mixed with other symptoms, such as weakness [2, 3] and deconditioning. The possible impact of central fatigue [7] has been discussed but recently this has been questioned [8] .
There is a need for validated fatigue questionnaires for use in clinical practice and research. One of the most widely used instruments for assessing multiple dimensions of fatigue is the 20 item Multidimensional Fatigue Inventory , measuring five dimensions of fatigue. The MFI-20 was developed and psychometrically evaluated within the framework of classical test theory. Modern test theory with Rasch analysis provides additional and more detailed psychometric information regarding the dimensionality of the scale, validity and appropriateness of summated scores, response categories, targeting of the scale, and item bias, i.e. differential item functioning (DIF). Moreover, Rasch analysis formally tests requirements needed to transform ordinal scales, such as the MFI-20 [9, 10] , into interval level measurements [11] .
Aim
The aim was to assess the validity and reliability of the MFI-20 in patients with post-polio syndrome using the Rasch model.
Methods

Participants and setting
Patient data were obtained from two clinical studies. The first study [12] was conducted between 2002 and 2003 at post-polio out-patient clinics located at four major Swedish university hospitals: Danderyd University Hospital (n = 47), Huddinge University Hospital (n = 41), University Hospital in Uppsala (n = 29) and Sahlgrenska University Hospital in Gothenburg (n = 26). All patients (n = 143) answered the MFI-20. The second study included all post-polio patients booked for a first visit at the Polio Clinic, Rehabilitation Medicine at Sahlgrenska University Hospital between 2002 and 2012. In total, 88 of 98 patients answered the MFI-20 (n = 88). All patients were examined by a rehabilitation medicine physician. After history and confirmed diagnosis (including electromyography) PPS was diagnosed according to the definitions of the March of Dimes [13] . Ethical approval was obtained for both data collections and patients gave written informed consent before inclusion into the studies. Data from the two studies were anonymized before being transferred for use in the present study.
MFI-20
The Swedish version of the Multidimensional Fatigue Inventory (MFI-20) was used [14] . MFI-20 is a 20-item self-administered questionnaire designed to measure fatigue in five four-item subscales: General fatigue, Physical fatigue, Reduced activity, Reduced motivation and Mental fatigue [9, 10] . MFI-20 has an even proportion of positively and negatively worded items that are rated on a 5-point Likert scale. Subscale scores (range [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] are calculated as the sum of item ratings and a total fatigue score (range 20-100) is calculated as the sum of subscale scores. Higher scores indicate a higher level of fatigue. Psychometric validation of MFI-20 has shown good validity and reliability [15] [16] [17] . MFI-20 is validated in Sweden in patients with cancer, fibromyalgia and chronic widespread pain [14, [18] [19] [20] .
Statistical analyses
SPSS (Statistical Package for Social Services Version 20 (SPSS Inc., Chicago, IL, USA) was used for descriptive statistics. Psychometric testing was performed with Rasch Unidimensional Measurement Models computer software (RUMM 2030) [21] .
Rasch analysis
Rasch analysis was used to test if the data conformed to the assumptions of the Rasch measurement model, i.e. stochastic ordering of items, local response independency, and unidimensionality [22] [23] [24] .
Category structures of response alternatives were examined to make sure that they are used in a consistent manner by the respondents. Thresholds are the points where the probability of choosing one response category is equal to the probability of choosing an adjacent category. Disordering of thresholds might mirror problems for the respondents to answer to the item and might need rescoring by collapsing response options [25] .
Fit of items and persons were evaluated with item-trait interaction with standardised mean person and item fit. The standardized mean values of the person and item fit residual by a mean (SD) score of 0.0 ± 1.0 specifies a good fit. A x 2 statistic was used to assess the invariance of the ordering of items at different levels of perceived fatigue. A non-significant x 2 indicates that the hierarchical ordering of items remains the same at different levels of the underlying trait. A non-significant x 2 probability value of > 0.05 together with standardized fit residuals (differences between observed and expected values) between −2.5 and +2.5 indicate adequate fit of individual person and item residuals. A Bonferroni adjustment was used to adjust for multiplicity [26] .
The Rasch model implies local independence of items to confirm unidimensionality. To test the assumption of unidimensionality, principal components analysis (PCA) was performed on standardized residuals and was used to examine the correlation between the items and the residuals. When the Rasch factor is extracted no pattern should remain in the residuals. Person estimates of the items with the most positive and negative residuals were then compared by means of paired sample t-tests for the difference between persons. The lower confidence interval for the number of significant tests should not exceed 5% [27] . Local dependency is considered present when the correlation of the residuals is over 0.3, in which case response dependent items can be combined and tested together in a testlet [25] .
Differential Item Functioning (DIF) was tested between groups of different gender (women and men) and age (dichotomized as under and over 63 years) using ANOVA. DIF is a form of measurement bias and refers to differences in the probability of giving a certain response between groups [28, 29] .
Targeting of the scale was illustrated by means of person-item threshold distribution plots where the centre of the scale, zero, denotes average difficulty of items. For a well-targeted scale the mean value of person ability should be zero [25] .
Reliability of the scale was computed with person separation index (PSI). PSI is equivalent to Cronbach's alpha and should be >0.70 for group use and >0.85 for individual use [25] .
Fit to the Rasch model allows for a transformation of scores, where the raw scores consisting of ordinal data can be converted into a logit interval scale and transformed into a metric estimate score for use in parametric statistical analyses within the same range as the original MFI-20 scores [25] .
Results
A total of 231 patients diagnosed with post-polio syndrome completed the MFI-20 questionnaire. The mean age of participants was 62 years and 61% were females (Table 1 ). Median and range of MFI-20 scores are reported in Table 2 . Missing value rates were low (0.4-1.3%).
Initial fit and disordered thresholds
An initial Rasch analysis of all items in the five subscales showed misfit to the Rasch model with significant x 2 value (p < 0.001) for item-trait interaction. Both person and item fit showed high fit residuals (2.17 vs 1.53). Fit indices for the separate analyses, including person and item fit residual means and SDs along with ideal values, are shown in Table 3 . Seven of 20 items displayed disordered thresholds. Six of these (#3, I feel very active; #5, I feel tired; #7, I keep my thoughts on things; #9, I dread having to do things; #14, Physically I am in bad condition; # 20, Physically I am in excellent condition) showed only slightly disordered thresholds and no misfit (fit residual < 2.5). Hence these were not rescored [30] . One item (#19, My thoughts easily wander) showed both disordered thresholds and misfit with fit residual over 2.5. To explore if rescoring this one item would be necessary all person estimates with item #19 rescored (0,1,1,1,2) were compared to the person estimates without rescoring [31] . The difference between rescored and original person estimates was not significant (paired samples ttest, p = 0.138). Therefore, no item was rescored in subsequent analyses.
No differential item functioning (DIF) was shown in relation to gender (women and men) or age (dichotomized as under and over 63 years).
Resolving fit to the Rasch model
To deal with response dependency of items found in all subscales a testlet analysis with the five dimensions as testlets was performed. This subtest with the five subscales as testlets showed good fit with non-significant x 2 value (p = 0.089), see Table 3 . After performing PCA on the residuals comparisons of the subsets based on positively loaded versus negatively loaded subsets were performed. The independent t-tests between those groups indicated satisfactory unidimensionality of the scale evidenced by the lower confidence interval for the number of significant t-tests overlapping 5% (number of significant t-tests was 4.4%, 95% CI 1.6 -7.3). Reliability as expressed by the person separation index (PSI) was good (PSI = 0.86) for the testlet solution, but somewhat lower than the initial analysis of the twenty items in the MFI-20 (PSI 0.92).
Targeting of the full MFI-20 scale is shown in Figure 1 with the distribution of person and item thresholds on the same logit scale. Zero on the scale denotes average severity of fatigue among the persons as well as average difficulty of the MFI-20 items. The level of fatigue severity of the MFI-20 scale was well targeted for the population of persons with post-polio syndrome.
Test of MFI-20 subscales
In order to check subscales for fit to the Rasch model, each subscale was tested in a separate analysis, see Table 3 . Tested separately four out of five subscales showed misfit to the Rasch model and local dependency was found in all subscales. To solve the issue of local dependency each subscale was analysed as a testlet, where the testlets were chosen taking into account the correlation of the residuals. In the testlet analyses, all five subscales showed fit to the Rasch model with non- (Table 3 ). The reliability of the subscales as expressed by the person separation index (PSI) ranged from 0.52 to 0.80. Only the Reduced motivation subscale had an unsatisfactory (PSI < 0.70) PSI value ( Table 3) .
Transformation of raw scores to an interval scale
After fit to the Rasch model was achieved for the MFI-20 a transformation of the ordinal total scale scores into an interval level scale for use in parametric analyses was performed (Table 4) . Dummy cases with minimum and maximum scoring were used for the transformation table to achieve interval scores between 20 and 100, which are comprehensive limits for the MFI-20 scale.
Discussion
Fatigue is a common symptom and can have a substantial impact on post-polio patients. The aim of this paper was to use Rasch analysis to assess the psychometric properties of the MFI-20, a widely used questionnaire for measuring fatigue. To our knowledge, this is the first Rasch analysis of MFI-20 data in patients with postpolio syndrome.
Standardized outcome measures that effectively assess effects of interventions and treatments and/ or progression of fatigue are needed in clinical practice. Rasch analysis of existing questionnaires developed within the framework of classical test theory, such as the MFI-20, can help to assess their utility for these purposes and at the same time improve interpretability of generated scores and change in scores. The latter is particularly important for communicating clinical results to patients, community services and insurance providers. After dealing with response dependency both the full scale and the five subscales scores of the MFI-20 subscales can be considered unidimensional. Therefore, both the total and the subscales of MFI-20 can be used to assess fatigue in persons with post-polio syndrome. This is consistent with earlier factor analytical studies of the MFI-20 [9, 16, 18] . Only the Reduced motivation subscale had to low reliability (PSI = 0.52) for comparisons on a group level [25] . Nonetheless, the MFI-20 comprises several items expressing the same content but worded both in a positive and in a negative way, e.g. Physically I am in bad condition versus Physically I am in excellent condition. Such items are highly correlated [32] and may be the reason for response dependency between items within the subscales.
The results show that MFI-20 meets criteria for satisfactory internal construct validity making it possible to transform raw ordinal scores into an interval metric for use in future clinical studies evaluating patients with post-polio syndrome [33] . The Rasch-based modified interval sum score is more appropriate than ordinalbased scores for use in parametric statistics to compute and compare change scores in clinical practice and research [34] . The transformation table (Table 4) can only be used to obtain transformed scores from raw scores if the respondent has filled in all items; however, several earlier studies [9, 18, 19] as well as our own indicate that missing item rates associated with the MFI-20 are low.
Study limitations
Patients were recruited from all post-polio outpatient clinics in Sweden and represent a fairly homogeneous sample; hence further testing is needed in more culturally heterogeneous groups, in other languages and in other diagnosis groups. In particular, potential differential item functioning between MFI-20 language versions needs to be formally assessed and, if found, adequately dealt with to ensure the comparability of scores across countries. Item bias was only assessed in relation to gender and age; other factors potentially contributing to item bias need to be examined.
Conclusions
Our results add to the evidence of the usefulness of the Swedish MFI-20 total scale and subscales to measure fatigue in persons with post-polio syndrome in clinical settings. The internal consistency reliability for the total score was high (PSI = 0.86), indicating that the Swedish MFI-20 scale is reliable enough to discriminate between persons and groups of persons with different levels of fatigue. The transformation table can be used to transform 
